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(57) ABSTRACT

An actuator includes a frame-shaped first mass portion; a
supporting portion that supports the first mass portion and
takes the shape of a frame so as to surround a perimeter of the

first mass portion; a pair of first elastic portions coupling
between the first mass portion and the supporting portion so
that the first mass portion 1s supported by the supporting
portion; a second mass portion provided inside the frame-
shaped {irst mass portion; a pair of second elastic portions
coupling between the second mass portion and the first mass
portion so that the second mass portion 1s supported by the
first mass portion; and a driver for rotating the first mass
portion. The driver includes a ferromagnet provided on the
first mass portion in a position separate from a rotation central
axis of the first mass portion; a coil formed along the rotation
central axis of the first mass portion and the supporting por-
tion so as to surround and orbit a perimeter of the ferromagnet
i the first mass portion 1s seen from above; and a voltage
application unit for applying a voltage to the coil. An opera-
tion of the voltage application unit included in the driver
causes the coil to generate a magnetic field. The generation of
the magnetic field causes displacement of the ferromagnet
relative to the coil. The displacement of the ferromagnet
causes the first mass portion to rotate while torsionally
deforming the pair of first elastic portions. The rotation of the
first mass portion causes the second mass portion to rotate
while torsionally deforming the pair of second elastic por-
tions.

11 Claims, 9 Drawing Sheets
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ACTUATOR, OPTICAL SCANNER, AND
IMAGE FORMING APPARATUS

TECHNICAL FIELD

The present invention relates to an actuator, an optical
scanner, and an 1mage-forming device.

RELATED ART

As optical scanners for forming 1mages by performing an
optical scan for use with a laser printer or the like, one using
an actuator having a structure including a torsional vibrator
for size reduction or other purposes 1s known (for example,
see JP-A-06-175060).

For example, an actuator according to JP-A-06-175060
includes a frame-shaped member, a pair of torsional springs
for supporting the frame-shaped member from both sides, a
plate-shaped member (retlection mirror) provided inside the
frame-shaped member, and a pair of torsional springs for
supporting the plate-shaped member from both sides relative
to the frame-shaped member. These members constitute a
two-degree-ol-freedom vibration system. In the actuator, a
structure including the above-mentioned vibration system 1s
supported by a supporting board.

The actuator also includes a permanent magnet provided
on the frame-shaped member 1n a position separated from the
rotation central axis of the frame-shaped member and a coil
(electromagnet) provided on the supporting board so as to
face the permanent magnet. Applying a voltage to this coil
causes the frame-shaped member, thereby causing the plate-
shaped member to vibrate.

Such an actuator allows an increase 1n the rotation angle
(amplitude) of the plate-shaped member while controlling the
rotation angle (amplitude) of the frame-shaped member.

However, since the actuator according to JP-A-06-175060
has the coil provided on the supporting board as described,
the frame-shaped member must rotate at an angle such that no
contact 1s made between the permanent magnet and the board
as well as between the frame-shaped member and the coil.

Thus the distance between the permanent magnet and the
coil must be made longer to increase the rotation angle of the
frame-shaped member. Accordingly a current to be sent to the
coil must be increased. This results 1n an 1ncrease 1n power
consumption. Making longer the distance between the per-
manent magnet and the coil causes upsizing of the actuator.
Further, making longer the permanent magnet-coil distance
leads to disposition of the permanent magnet and the coil on
separate boards. This requires alignment when these compo-
nents are mounted, resulting 1n an increase 1n production cost.

SUMMARY

An advantage of the invention 1s to provide an actuator, an
optical scanner, and an image-forming device that each allow
an increase 1in detlection angle while promoting power-saving
and si1ze reduction.

According to a first aspect of the invention, an actuator
includes a frame-shaped first mass portion; a supporting por-
tion that supports the first mass portion and takes the shape of
a frame so as to surround a perimeter of the first mass portion;
a pair of first elastic portions coupling between the first mass
portion and the supporting portion so that the first mass por-
tion 1s supported by the supporting portion; a second mass
portion provided inside the frame-shaped first mass portion; a
pair of second elastic portions coupling between the second
mass portion and the first mass portion so that the second
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mass portion 1s supported by the first mass portion; and a
driver for rotating the first mass portion. The driver includes
a ferromagnet provided on the first mass portion in a position
separate from a rotation central axis of the first mass portion;
a coil formed along the rotation central axis of the first mass
portion and the supporting portion so as to surround and orbit
a perimeter of the ferromagnet 11 the first mass portion 1s seen
from above; and a voltage application unit for applying a
voltage to the coil. An operation of the voltage application
unit included 1n the driver causes the coil to generate a mag-
netic field. The generation of the magnetic field causes dis-
placement of the ferromagnet relative to the coil. The dis-
placement of the ferromagnet causes the first mass portion to
rotate while torsionally deforming the pair of first elastic
portions. The rotation of the first mass portion causes the
second mass portion to rotate while torsionally deforming the
pair of second elastic portions.

This allows a reduction 1n the distance between the coil and
the ferromagnet without preventing rotation of the first mass
portion. Thus the rotation angle (detlection angle) of the first
mass portion 1s increased while promoting size reduction and
power-saving ol the actuator, thereby eventually increasing
the rotation angle (deflection angle) of the second mass por-
tion.

In the actuator according to the first aspect of the invention,
the ferromagnet 1s preferably mainly made of a soft magnetic
material.

This allows selection from a wider range ol materials,
thereby increasing freedom in designing.

In the actuator according to the first aspect of the invention,
the voltage application unit 1s preferably configured to inter-
mittently apply a direct current to the coal.

This allows the configuration of the voltage application
unit to be made relatively simple, thereby reducing the cost of
the actuator.

In the actuator according to the first aspect of the invention,
the coil 1s preferably provided on a first surface of the first
mass portion and the ferromagnet is preferably provided on a
second surface of the first mass portion.

This allows the coil and the ferromagnet to be separated
from each other in the thickness direction of the first mass
portion relatively easily and accurately.

In the actuator according to the first aspect of the invention,
the first mass portion, the pair of first elastic portions, the
second mass portion, the pair of second elastic portions, and
the supporting portion are formed 1ntegrally.

This allows the structure including these components to be
casily manufactured by processing a single board.

In the actuator according to the first aspect of the invention,
the coil 1s formed of a unilaminar metal layer.

This allows the coil to be easily formed by making a film.

In the actuator according to the first aspect of the invention,
the ferromagnet 1s disposed near a central portion of the coil
if the first mass portion 1s seen from above.

This allows a magnetic field generated from the coil to
elfectively act on the ferromagnet. As a result, the deflection
angle 1s 1ncreased while promoting power-saving and size
reduction.

In the actuator according to the first aspect of the invention,
the ferromagnet 1s provided so as to extend over the entire first
mass portion 1n a rotation central axis direction of the first
mass portion in the separate position.

This allows a magnetic field generated from the coil to
elfectively act on the ferromagnet. As a result, the deflection
angle 1s 1ncreased while promoting power-saving and size
reduction.
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In the actuator according to the first aspect of the invention,
the second mass portion includes a light reflector having light

reflectivity.

This allows the actuator according to this invention to be

applied to optical devices, such as optical scanners, optical
switches, and optical attenuators.

According to a second aspect of the mnvention, an optical
scanner includes a frame-shaped first mass portion; a support-
ing portion that supports the first mass portion and takes the
shape of a frame so as to surround a perimeter of the first mass
portion; a pair of first elastic portions coupling between the
first mass portion and the supporting portion so that the first
mass portion 1s supported by the supporting portion; a second
mass portion that 1s provided inside the first mass portion and
includes a light reflector having light reflectivity; a pair of
second elastic portions coupling between the second mass
portion and the first mass portion so that the second mass
portion 1s supported by the first mass portion; and a driver for
rotating the first mass portion. The driver includes a ferro-
magnet provided on the first mass portion 1n a position sepa-
rate from a rotation central axis of the first mass portion; a coil
tormed along the rotation central axis of the first mass portion
and the supporting portion so as to surround and orbit a
perimeter of the ferromagnet 11 the first mass portion 1s seen
from above; and a voltage application unit for applying a
voltage to the coil. An operation of the voltage application
unit included 1n the driver causes the coil to generate a mag-
netic field. The generation of the magnetic field causes dis-
placement of the ferromagnet relative to the coil. The dis-
placement of the ferromagnet causes the first mass portion to
rotate while torsionally deforming the pair of {first elastic
portions. The rotation of the first mass portion causes the
second mass portion to rotate while torsionally deforming the
pair ol second elastic portions so that light reflected off the
light reflector 1s scanned.

Thus, an optical scanner that allows an increase in the
rotation angle of the second mass portion while promoting
power-saving and size reduction 1s provided.

According to a third aspect of the mvention, an 1mage-
forming device includes a frame-shaped first mass portion; a
supporting portion that supports the first mass portion and
takes the shape of a frame so as to surround a perimeter of the
first mass portion; a pair of first elastic portions coupling
between the first mass portion and the supporting portion so
that the first mass portion 1s supported by the supporting
portion; a second mass portion that 1s provided inside the first
mass portion and includes a light reflector having light reflec-
tivity; a pair of second elastic portions coupling between the
second mass portion and the first mass portion so that the
second mass portion 1s supported by the first mass portion; a
driver for rotating the first mass portion; and a light emitter for
emitting light toward the light retlector. The driver includes a
terromagnet provided on the first mass portion 1n a position
separate from a rotation central axis of the first mass portion;
a co1l formed along the rotation central axis of the first mass
portion and the supporting portion so as to surround and orbit
a perimeter of the ferromagnet 11 the first mass portion 1s seen
from above; and a voltage application unit for applying a
voltage to the coil. An operation of the voltage application
unit included 1n the driver causes the coil to generate a mag-
netic field. The generation of the magnetic field causes dis-
placement of the ferromagnet relative to the coil. The dis-
placement of the ferromagnet causes the first mass portion to
rotate while torsionally deforming the pair of first elastic
portions. The rotation of the first mass portion causes the
second mass portion to rotate while torsionally deforming the
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pair of second elastic portions so that light retlected off the
light reflector 1s main-scanned and/or sub-scanned to form an
image on a target.

Thus, an image-forming device that allows an 1ncrease 1n
the rotation angle of the second mass portion while promoting
power-saving and size reduction is provided. In particular,
since the rotation angle of the second mass portion 1s
increased, light emitted toward the target 1s main-scanned
and/or sub-scanned over a wide range. As a result, the 1mage-
forming device 1s reduced in size. If the image-forming
device according to the invention 1s applied to a display such
as an 1maging display, the distance between the target and the
optical scanner 1s reduced and the screen (target) as a display
area 1s increased 1n size while controlling upsizing of the
image-forming device.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
clements.

FIG. 1 1s a plan view showing an actuator according to a
first embodiment of the mvention.

FIG. 2 1s a sectional view taken along line A-A of FIG. 1.

FIG. 3 1s a diagram showing a coil provided on the actuator
shown 1n FIG. 1.

FIG. 4 1s graph showing the relation between the ampli-
tudes of a first mass portion and a second mass portion and the
frequency of an applied voltage, of the actuator shown 1n FIG.
1.

FIG. § 1s a plan view showing an actuator according to a
second embodiment of the invention.

FIG. 6 1s a sectional view taken along line A-A of FIG. 5.

FIG. 7 1s a schematic sectional view showing an example of
an 1mage-forming device (printer) including an optical scan-
ner according to the imvention.

FIG. 8 1s a diagram showing a schematic configuration of
an exposure umt provided on the image-forming device
shown in FIG. 7.

FIG. 91s a schematic sectional view showing an example of
an 1mage-forming device (1maging display) including an
optical scanner according to the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiments of the invention will now be described 1n
detail with reference to the accompanying drawings.

First Embodiment

A first embodiment of the invention will be described
below.

FIG. 1 1s a plan view showing an actuator according to the
first embodiment of the invention. FIG. 2 1s a sectional view
taken along line A-A of FIG. 1. FIG. 3 1s a diagram showing
a coil included 1n the actuator shown 1n FIG. 1. FIG. 4 15 a
graph showing the relations between the amplitudes of a first
mass portion and a second mass portion and the frequency of
an applied voltage, of the actuator shown in FIG. 1.

In FIG. 1, the direction from the paper surface toward the
viewer will be referred to as “upper,” the direction from the
paper surface toward the back as “lower,” the nght direction
as “right,” and the left direction as “left” for the sake of
convenience. In FIG. 2, the upper direction will be referred to
as “upper,” and the lower direction as “lower,” the right direc-
tion as “right,” and the lett direction as “left.”
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An actuator 1 shown 1 FIGS. 1 and 2 includes a base 2
having a two-degree-of-freedom vibration system, and a sup-
porter 3 supporting the base 2.

As shown 1n FIG. 1, the base 2 includes a frame-shaped
first mass portion 21, a supporting portion 22 for supporting
the first mass portion 21, a pair of first elastic portions 23, 24
for coupling between the first mass portion 21 and the sup-
porting portion 22, a second mass portion 25 provided nside
the first mass portion 21, and a pair of second elastic portions
26, 27 for coupling between the first and second mass por-
tions 21, 25.

In this embodiment, the base 2 1s formed so as to be sym-
metrical.

The first mass portion 21 takes the shape of a frame (more
specifically, a rectangular loop). The first mass portion 21 has
a ferromagnet 291 provided 1n a position separate from the
rotation central axis X thereof. In this embodiment, the fer-
romagnet 291 1s provided near the upper surface of the right
edge of the first mass portion 21 i FIG. 2, and extends 1n
parallel to the rotation central axis X.

The ferromagnet 291 takes the shape of a thin film and 1s
mainly made of a ferromagnetic material.

Such a ferromagnetic material 1s not limited to a particular
one and various types of soft magnetic material or various
types of hard magnetic material can be used. In this embodi-
ment, the ferromagnet 291 1s mainly made of a soft magnetic
material, such as Fe, various types of Fe alloy (ferrosilicon,
permalloy, amorphous sendust, etc.), or soft magnetic ferrite.

The ferromagnet 291 1s provided 1n a position separate
from the rotation central axis X of the first mass portion 21
when seen from above so that the ferromagnet 291 extends
over the approximately entire ferromagnet 291 in the direc-
tion of the rotation central axis X. This allows a magnetic field
generated from coil 28 to be discussed later to effectively act
on the ferromagnet 291. This allows the deflection angles of
the first and second mass portions 21 and 25 to be increased
while further promoting power-saving and size reduction of
the actuator.

The second mass portion 25 1s provided inside the first
mass portion 21 taking the shape of a frame as described
above with the second mass portion 25 being separate from
the first mass portion 21.

The second mass portion 25 takes the shape of a plate and
has a light reflector 251 provided on the plate surface (upper
surface) thereof. This allows the actuator 1 to be applied to
optical devices, such as optical scanners, optical attenuators,
and optical switches.

With regard to the first and second mass portions 21, 25, the
first mass portion 21 1s coupled to the supporting portion 22
via the first elastic portions 23, 24, and the second mass
portion 25 1s coupled to the first mass portion 21 via second
clastic portions 26, 27.

The pair of first elastic portions 23, 24 can both become
deformed elastically and couples between the first mass por-
tion 21 and the supporting portion 22 so as to render the first
mass portion 21 rotatable to the supporting portion 22. In
other words, the pair of elastic portions 23, 24 can become
deformed elastically and couples the first mass portion 21 to
the supporting portion 22 so that the first mass portion 21 1s
supported by the supporting portion 22 from both sides.

The pair of second elastic portions 26, 27 can both become
deformed elastically and couples between the second mass
portion 25 and the first mass portion 21 so as to render the
second mass portion 25 rotatable to the first mass portion 21.
In other words, the pair of second elastic portions 26, 27 can
become deformed elastically and couples the second mass
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6

portion 25 to the first mass portion 21 so that the second mass
portion 25 1s supported by the first mass portion 21 from both
sides.

The first elastic portions 23, 24 and the second elastic
portions 26, 27 are provided coaxially. Using these portions
as the rotation central axis (rotation axis) X renders the first
mass portion 21 rotational to the supporting portion 22 as well
as the second mass portion 25 rotational to the first mass
portion 21.

As described above, the base 2 includes a two-degree-ot-
freedom vibration system including a first vibration system
including the first mass portion 21 and the pair of first elastic
portions 23, 24 and a second vibration system including the

second mass portion 25 and the pair of second elastic portions
26, 27.

The base 2 mcluding such a two-degree-of-freedom sys-
tem 1s mainly made of, for example, silicon. The base 2 1s
obtained by integrally forming the first mass portion 21, the
second mass portion 25, the supporting portion 22, the first
clastic portions 23, 24, and the second elastic portions 26, 27.
Therefore, processing a single board when manufacturing the
actuator 1 allows a structure including these components to be
casily manufactured.

The supporting portion 22 for supporting a two-degree-oi-
freedom vibration system as described above takes the shape
of a frame so as to surround the perimeter of the first pass
portion 21.

As shown 1n FIG. 1, the coil 29 1s provided near the lower
surface of the supporting portion 22 so as to go along the
rotation central axis X and the right part of the supporting
portion 22 relative to a rotation central axis 28 shown 1n FIG.
2. The co1l 28 1s provided on the surtace of the second mass
portion 25 remote from the light retlector 251 described
above, so no freedom 1n designing the light reflector 251 1s
reduced.

As shown 1n FI1G. 1, the coil 28 1s formed along the rotation
central axis X of the first mass portion 21 and the supporting
portion 22 (right portion thereof described above) so as to
orbit the ferromagnet 291 described above when the first mass
portion 21 1s seen from above (also referred to as “when seen
from above”).

More specifically, the coil 28 includes a first portion 281
extending along the rotation central axis X and a second
portion 282 formed below a side of the supporting portion 22
via the rotation central axis X of the supporting portion 22.
The first portion 281 has a first end thereof coupled to the
second portion 282 and a second end thereof coupled to a
terminal 283. An end of the second portion 282 remote from
the end thereol coupled to the first portion 281 1s coupled to a
terminal 284.

When seen from above, the ferromagnet 291 1s positioned
in the opening of the coil 28, which 1s the central portion of the
coil 28. In other words, the ferromagnet 291 1s disposed 1n the
proximity of the central portion of the coil 28 when seen from
above. This allows a magnetic field generated from the coil 28
to elfectively act on the ferromagnet 291. This allows an
increase in detlection angle while further promoting power-
saving and size reduction.

As shown 1 FIG. 3, the pair of terminals 283, 284 are
coupled to a power supply circuit 5 serving as a voltage
application unit. The power supply circuit 5 1s configured to
intermittently apply a direct current (that 1s, periodically turn

on/oil a voltage) to the coil 28 via the pair of terminals 283,
284.

The power supply circuit S may apply an alternating cur-
rent to the coil 28. In this case, the ferromagnet 291 1s pret-
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erably mainly made of a hard magnetic material, as well as
preferably magnetized 1n its thickness direction.

The coil 28 includes a unilaminar metal layer made of
metal such as Al, or Cu. This allows the coil 28 to be formed
on a single occasion, thus simplifying manufacture of the
actuator 1. This allows a reduction 1n the cost of the actuator
1. Further, since the coil 28 can be made a relatively thin one,
the influence of the coil 28 on the vibration characteristic of
the actuator 1 1s reduced and the design of the actuator 1 1s
simplified.

Bonded to the lower surface of the supporting portion 22 of
the base 2 as described 1s a supporter 3.

The supporter 3 1s mainly made of glass or silicon. The base
2 and the supporter 3 may be bonded together via a bonding
layer mainly made of, for example, glass, silicon, or S10.,,.

The supporter 3 includes a board 31 and a frame 32 bonded
to the upper surface of the board 31 and takes the shape of a
tray having arecess 33. The board 31 and the frame 32 may be
tormed 1ntegrally. The shape of the supporter 3 1s not limited
to what 1s described above and may be one 1n which the board
31 1s omitted, depending on the rigidity of the frame 32. The
supporter 3 may be omitted depending on the rigidity, shape,
or the like of the supporter 3 of the base 2.

Bonding the upper surface of the frame 32 to the lower
surface of the base 2 allows the supporter 3 to support the base
2 from below.

When the two-degree-oi-freedom vibration system of the
base 2 vibrates, that 1s, when the first and second mass por-
tions 21 and 23 rotate (vibrate), the recess 33 serves as an
escape portion for preventing the vibration system from mak-
ing contact with the supporter 3. Providing the recess (escape
portion) 33 allows the deflection angles (amplitudes) of the
first and second mass portions 21 and 25 to be set to larger
ones while preventing upsizing of the entire actuator 1.

In the actuator 1 as described above, the coil 28, the power
supply circuit 5, and the ferromagnet 291 serve as a driver for
driving the first mass portion 21.

Such a driver acts as follows to drive the actuator 1.

Applying a direct current to the coil 28 intermaittently by the
power supply circuit 5 causes the coil 28 to intermittently
generate a magnetic field 1n the thickness direction of the first
mass portion 21.

Such a magnetic field causes an attraction force between
the ferromagnet 291 and the coil 28.

This causes the ferromagnet 291 to be displaced relative to
the coil 28 1n the thickness direction of the first mass portion
21. Accordingly, the first elastic portions 23, 24 become
deformed torsionally, thereby causing the first mass portion
21 to rotate (vibrate) to the supporting portion 22.

As the first mass portion 21 vibrates (drives), the second
mass portion 25, which 1s coupled to the first mass portion 21
via the second elastic portions 26, 27, also vibrates (rotates) in
such a manner that second mass portion 1s inclined toward the
plate surface (paper surface of FIG. 1) of the supporter 3 as the
second elastic portions 26, 27 used as axes.

In such actuator 1, the drniver for driving the first mass
portion 21 includes the coil 28 as described above, the power
supply circuit 5, and the ferromagnet 291. This allows a
reduction 1n the distance between the coil 28 and the ferro-
magnet 291 without preventing rotation of the first mass
portion 21. This allows an increase in the rotation angle
(deflection angle) of the first mass portion 21 while promot-
ing size reduction and power-saving of the actuator 1, even-
tually increasing the rotation angle (deflection angle) of the
second mass portion 25.

In particular, since the coil 28 and the ferromagnet 291 1s
separate from each other 1n the thickness direction of the first
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8

mass portion 21, and the ferromagnet 291 1s mainly made of
a solt magnetic matenal, there 1s no need to magnetize the
ferromagnet 291, thereby simplifying manufacture of the
actuator 1.

Further, since the power supply circuit 3 as a power appli-
cation unit 1s configured to apply a direct current to the coil 28
intermittently, the configuration of the power supply circuit 3
1s made a relatively simple one, thereby reducing the cost of
the actuator 1.

Further, since the coil 28 1s provided on a first surface o the
first mass portion 21 and the ferromagnet 291 1s provided on
a second surface thereol, none of the first and second mass
portions 21 and 25 1s prevented from rotating, and the coil 28
and the ferromagnet 291 are properly separated from each
other 1n the thickness direction of the first mass portion 21
relatively easily and accurately.

The actuator 1 as described above 1s preferably configured
so that the maximum rotation angle of the second mass por-
tion 25 1s 20 or more.

Incidentally, 1n such a two-degree-of-freedom vibration
system, there 1s a frequency characteristic between the ampli-
tudes (deflection angles) of the first and second mass portions
21 and 25 and the frequency (frequency of on/oif of a voltage)
of a voltage applied to the coil 28, as shown 1n FIG. 4.

That 1s, this vibration system has two resonance frequen-
cies Im, [kHz], im, [kHz] (im, <fm,) at which both the ampli-
tudes of the first and second mass portions 21 and 25 are
increased and an antiresonance frequency tm, [kHz] at which
the amplitude of the first mass portion 21 becomes approxi-
mately O.

In this vibration system, a frequency F of a voltage to be
applied to the coi1l 28 1s set up to be approximately equal to the
lower one of the two resonance frequencies, that 1s, fm, . This
increases the deflection angle (rotation angle) of the second
mass portion 25 while controlling the amplitude of the first
mass portion 21.

In this specification, “F [kHz] 1s approximately equal to
fm [kHz|” means satistying the condition of (Im,-1)=F=
(fm, +1).
The average thickness of the first mass portion 21 1s prei-
erably 1 to 1500 um, more preferably 10 to 300 um.

The average thickness of the second mass portion 25 1s
preferably 1 to 1500 um, more preferably 10 to 300 pum.

The spring constants of the first elastic portion 23, 24 are
preferably 1x107° to 1x10° Nm/rad, more preferably 1x1072
to 1x10* Nm/rad, even more preferably 1x10™" to 1x10°
Nm/rad. This increases the rotation angle (deflection angle)
of the second mass portion 25.

On the other hand, the spring constants k, of the second
elastic portions 26, 27 are preferably 1x10™ to 1x10?
Nm/rad, more preferably 1x107~ to 1x10° Nm/rad, even more
preferably 1x107" to 1x10° Nm/rad. This allows an increase
in the defection angle of the second mass portion 235 while
controlling the deflection angle of the first mass portion 21.

If the spring constant of the first elastic portions 23, 24 1s
defined as k, and the spring constant of the second elastic
portions 26, 27 1s defined as k., 1t 1s preferable to satisty the
relation k,>k,. This allows an increase 1n the rotation angle
(defection angle) of the second mass portion 25 while con-
trolling the deflection angle of the first mass portion 21.

Further, 1f the moment of inertia of the first mass portion 21
1s defined as J, and that of the second mass portion 235 is
defined as J,, J, and J, preterably satisty the relation J,=1,,
more preferably satisty the relation J,<J,. This allows an
increase 1n the rotation angle (defection angle) of the second
mass portion 25 while controlling the deflection angle of the
first mass portion 21.
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The characteristic frequency m, of the first vibration sys-
tem 1ncluding the first mass portion 21 and first elastic por-
tions 23, 24 is given by w,=(k,/J,)"’* using the moment of
inertia J, of the first mass portion 21 and the spring constant
k, of the first elastic portions 23, 24. On the other hand, the
characteristic frequency m, of the second vibration system
including the second mass portion 25 and second elastic
portions 26, 27 is given by w,=(k,/J,)"* using the moment of
inertia J, of the second mass portion 25 and the spring con-
stant k, of second elastic portions 26, 27.

The characteristic frequency m, of the first vibration sys-
tem and the characteristic frequency m, of the second vibra-
tion system thus obtained preferably satisty the relation
w1>w?2. This allows an increase 1n the rotation angle (defec-
tion angle) of the second mass portion 25 while controlling
the deflection angle of the first mass portion 21.

Second Embodiment

An actuator according to a second embodiment of the
invention will now be described.

FIG. 5 1s a plan view showing the actuator according to the
second embodiment of the invention. FIG. 6 1s a sectional
view taken along line A-A of FIG. 5.

With regard to the actuator according to the second
embodiment, description will be focused on the differences
between the actuators according to the second and first
embodiments and similar matters will not be described.

As shown 1n FIGS. 5 and 6, an actuator 1A according to the
second embodiment 1s approximately similar to the first
embodiment except that 1ts coil shape and power supply cir-
cuit configuration are different from those of the actuator
according to the first embodiment.

As shown 1n FIGS. § and 6, in the actuator 1A according to
the second embodiment, the coil 28A 1s formed along the
rotation central axis X and the supporting portion 22 so that a
coil 28A 1s symmetrical to the rotation central axis X when
seen from above.

More specifically, the coil 28A 1ncludes a first portion 281
extending along the rotation central axis X and a pair of
second portions 282, 2835 formed on both sides of the rotation
central axis X of the supporting portion 22 along the axis. The
first portion 281 has a first end thereof coupled to each of the
pair of second portions 282, 285 and a second thereot coupled
to a terminal 283. Terminals 284, 286 are coupled to the ends
of the pair of second portions 282, 285, respectively, remote
from the ends which the pair of second portions 282, 285 are
coupled to the first portion 281.

The power supply circuit 5 1s configured alternately to
intermittently apply a direct current to a coil including the first
portion 281 and second portion 282 via the terminals 283, 284
and to intermittently apply a direct current to a coil including
the first portion 281 and second portion 285 via the terminals
283, 285.

In other words, the power supply circuit 5 1s configured to
apply a direct current alternately to the coil including the first
portion 281 and second portion 282 and to the coil including,
the first portion 281 and second portion 285.

In the actuator 1A as described above, the coil 28 A, the
power supply circuit 5, and ferromagnets 291, 292 constitute
a driver for driving the first mass portion 21.

The actuator 1A according to the second embodiment has
the above-mentioned driver in addition to similar advantages
to those of the actuator 1 according to the first embodiment, so
it allows smooth rotation of the first and second mass portions
21, 25 while preventing movement of the rotation central
axis X.
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The actuators 1, 1A as described above are applicable, for
example, to optical scanners, optical switches, and optical
attenuators.

If the actuator 1 or 1A 1s used as an optical scanner, the
actuator 1 or 1A (optical scanner according to the invention)
scans light reflected oif an optical reflector 251. Since such an
optical scanner according to the mnvention allows an increase
in the rotation angle of the second mass portion 25, the dis-
tance between the target (e.g., photosensitive material or
screen) and the actuator 1 (optical scanner) 1s reduced.

Such an optical scanner 1s suitably applied, for example, to
image-forming devices such as laser printers, imaging dis-
plays, bar-code readers, and confocal scanning microscopes.

Since an 1mage-forming device (1image-forming device
according to the invention) including the actuator 1 or 1A for
use as an optical scanner allows an increase in the rotation
angle of the second mass portion 25, the image-forming
device main-scans and/or sub-scans light emitted toward the
target over a wide range while reducing the distance between
the target (e.g., photosensitive material 11 or screen 197 to be
discussed later) and the actuator 1 (optical scanner). This
allows downsizing ol the image-forming device. If the image-
forming device according to the invention 1s applied to a
display such as an imaging display, the distance between the
target (screen 197 to be discussed later) and the actuator 1
(optical scanner) 1s reduced, upsizing of an 1image-forming
device 1s controlled, and the size of the screen as a display
area 1s 1ncreased.

Specific examples of an 1mage-forming device including

the optical scanner according to the mvention will now be
described.

An example 1n which the mvention 1s applied to a printer
using electrophotography will be described.

FIG. 7 1s an overall schematic sectional view showing an
example of an 1image-forming device including the optical
scanner according to the invention.

An 1mage-forming device 10 (printer) shown 1n FIG. 7 1s
one that performs a series of i1mage-forming processes,
including exposure, development, transfer, and fixing, to
record images made of toner to a recording medium such as a
paper sheet or an overhead transparency film. As shown in
FIG. 7, the image-forming device 10 as described above has
a photosensitive material 11 that rotates in the direction of the
indicated arrow, and also has a charging unit 12, an exposure
umt 13, a development unit 14, a transfer unit 15, and a
cleaning unit 16 disposed sequentially along with the rotating
direction of the photosensitive material 11. In FIG. 7, the
image-forming device 10 also has a paper feed tray 17 for
holding arecording medium P, such as a paper sheet, provided
in a lower part thereof and a fixing unit 18 provided 1n an
upper part thereof.

The photosensitive material 11 1s obtained by forming a
photosensitive layer (now shown) on the periphery of a cylin-
drical, conductive base material (not shown), and 1s rotatable
around 1ts axis.

The charging unit 12 1s a unit for umiformly charging the
surface of the photosensitive material 11 by corona charging
or the like.

The exposure unit 13 1s a unit that recerves 1image informa-
tion from a host computer (not shown) such as a personal
computer and selectively emits lasers to the uniformly
charged photosensitive material 11 according to the recerved
image information to form electrostatic, latent images.

More specifically, as shown 1n FIG. 8, the exposure unit 13
includes the actuator 1 as an optical scanner, a laser light
source 131, a collimator lens 132, and an 18 lens 133.
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In the exposure unit 13 as described above, the actuator 1
(light reflector 251) 1s 1rradiated with a laser beam L ematted
from the laser light source 131 via the collimator lens 132.
Then the photosensitive material 11 1s wrradiated with the
laser beam L reflected off the light reflector 251 via the 10

lens.

At that time, the light beam (laser L) reflected off the light

reflector 251 1s scanned (main-scanned) in the axis direction
of the photosensitive material 11 by the driving of the actuator
1 (rotation of the second mass portion 25 around the rotation
central axis X). On other hand, the light beam (laser L)
reflected off the light reflector 251 1s scanned (sub-scanned)
in the circumierence direction of the photosensitive material
11 by the rotation of the photosensitive material 11. The
intensity of the laser beam L outputted from the laser light
source 131 varies depending on 1image mformation received
from a host computer (not shown).

In this way, the exposure unit 13 selectively exposes the
photosensitive material 11 to form 1mages.

The development umt 14 includes four development
devices 141, 142, 143, and 144 and a holder 145 for holding
these development devices. Rotating the holder 145 around
the axis 46 causes each development device to selectively face
the photosensitive material 11. Here, the development device
141 1s one for black (K) toner, the development device 142 1s
one for magenta (M) toner, the development device 143 1s one
for cyan (C) toner, and the development device 144 1s one for
yellow (Y) toner.

The transfer unit 15 1includes an intermediate transfer belt
151 in the form of an endless belt, three rollers over which the
intermediate transier roller 151 1s suspended (primary trans-
ter roller 152, driven roller 153, drive roller 154), and a
secondary transfer roller 155 that faces the drive roller 154 via
the intermediate transfer roller 151.

The imntermediate transier belt 151 1s driven and rotated in
the direction of the arrow shown 1n FIG. 7 by rotation of the
drive roller 154 at an approximately identical circumierential
velocity to that of the photosensitive material 11 while driving
and rotating the primary transfer roller 152 and the driven

roller 153.

The primary transfer roller 152 1s one for transierring
monochrome toner images formed on the photosensitive
material 11 to the intermediate transier roller 151.

The secondary transfer roller 155 1s one for transierring
toner images 1n monochrome, full color, or the like formed on
the intermediate transier roller 151 to a recording medium P
such as a paper sheet, a film, or cloth.

The fixing unit 18 1s one for applying heat or pressure to the
recording medium P that has received the toner images to fuse
the toner 1mages to the recording medium P to fix the images
to the medium as permanent 1mages.

The cleaning unit 16 includes a rubber-made cleaning
blade 161 that abuts on the surface of the photosensitive
material 11 between the primary transfer roller 152 and
charging unit 12. The cleaning unit 16 1s a unit for scraping
remaining toner off the photosensitive material 11 using the
cleaning blade 161 after toner images are transierred onto the

intermediate transier roller 151 by the primary transfer roller
152.

In the 1mage-forming device 10 as described above, the
photosensitive material 11, an development roller (not
shown) provided on the development unit 14, and the inter-
mediate transfer belt 151 mitially begin to rotate according to
an 1nstruction from the host computer (not shown). Then,
regions of the photosensitive material 11 are sequentially
charged by the charging unit 12 while rotating.
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As the photosensitive material 11 rotates, the charged
region of the photosensitive material 11 reaches the exposure
position. Then a latent image corresponding to 1mage nfor-
mation on a first color, for example, yellow Y 1s formed on the
region by the exposure unit 13.

As the photosensitive material 11 rotates, the latent image
formed on the photosensitive material 11 reaches the devel-
opment position, and i1s developed using yellow toner by the
development device 144 for yellow development. Thus a
yellow toner image 1s formed on the photosensitive material
11. At this time, the development unit 144 1s facing the pho-
tosensitive material 11 1n the above-mentioned development
position.

As the photosensitive material 11 rotates, the yellow toner
image formed on the photosensitive material 11 reaches the
primary transier position (that 1s, a portion 1n which the
photosensitive material 11 and the primary transier roller 152
are facing each other) and 1s transierred (primary transier) to
the intermediate transfer belt 151 by the primary transier
roller 152. At this time, a primary transier voltage (primary
transier bias) having an inverse polarity to the charging polar-
ity of the toner 1s applied to the primary transier roller 152.
During this period, the secondary transfer roller 155 1s sepa-
rated from the intermediate transier belt 151.

Processes similar to the above-mentioned process are
repeatedly performed with respect to a second color, a third
color, and fourth color. Thus toner images having a color
corresponding to each image signal are transierred to the
intermediate transter belt 151 1n such a manner that the toner
images overlap each other. As a result, a full-color toner
image 1s formed on the intermediate transier belt 151.

On the other hand, the recording medium P 1s carried from
the paper feed tray 17 to the secondary transfer position (that
1s, a part in which the secondary transier roller 155 and the
drive roller 154 are facing each other) by a paper feed roller
171 and a registration roller 172.

As the intermediate transfer belt 151 rotates, the full-color
toner 1image formed on the mtermediate transier belt 151
reaches the secondary transier position and is transierred
(secondary transter) to the recording medium P by the sec-
ondary transfer roller 155. Atthis time, the secondary transfer
roller 155 1s pressed against the intermediate transfer belt
151, as well as subjected to application of a secondary trans-
fer voltage (secondary transier bias).

The full-color toner image transferred to the recording
medium P 1s subjected to application of heat and pressure by
the fixing unit 18 so that the full-color toner 1mage 1s fused
onto the recording medium P. Thereafter, for one-sided print-
ing, the recording medium P is ejected from the image-form-
ing device 10 by an ejection roller pair 173.

On other hand, after passing through the primary transfer
position, the photosensitive material 11 has the toner adher-
ing to the surface thereof scraped ofl by the cleaning blade
161 of the cleaning unit 16 and prepares for a charge for
forming the subsequent latent image. The scraped toner 1s
reclaimed 1n a remaining toner reclamation section in the
cleaning unit 16.

For two-sided printing, the recording medium P, a first
surface of which has gone through the fixing process, 1s
temporarily interposed between the ejection roller pair 173.
Subsequently, driving the ejection roller 173 in reverse as
well as driving the carrying roller pair 174, 176 causes the
recording medium P to return to the secondary transier posi-
tion via a carrying route 175 with the front and back sides of
the medium inverted. Then, an 1mage 1s formed on a second
surface of the recording medium P by performing an opera-
tion similar to the above-mentioned one.
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Hereatter, an example in which the imvention 1s applied to
an 1maging device (display) will be described.

An image-forming device 19 shown 1n FIG. 9 includes the
actuator 1 as an optical scanner, light sources 191, 192, 193
for three colors, R (red), G (green), B (blue), a cross dichroic
prism (X prism) 194, a galvanometer mirror 195, a fixed
mirror 196, and a screen 197.

In the 1mage-forming device 19 as described above, the
actuator 1 (light reflector 251) 1s wrradiated with light beams
from the light sources 191, 192, 193 via the cross dichroic
prism (X prism) 194. At this time, the light beam 1n red from
the light source 191, the light beam 1n green from the light
source 192, and the light beam 1n blue from the light source
193 are combined 1n the cross dichroic prism 194.

A light beam (three-color composite light beam) reflected
off the light reflector 251 1s reflected off the galvanometer
mirror 195, and then reflected off the fixing mirror 196 and
applied onto the screen 197.

At this time, the light beam reflected oif the light reflector
251 1s scanned (main-scanned) in the transverse direction of
the screen 197 by driving (rotation of the second mass portion
235 around the rotation central axis X) of the actuator 1. On the
other hand, the light beam reflected off the light retlector 251
by rotation of the galvanometer mirror 195 around the axis Y
1s scanned (sub-scanned) in the longitudinal direction of the
screen 197. The mtensity of light beams outputted from the
light sources 191, 192, 193 for each color varies depending on
image information recerved from a host computer (not
shown).

While the actuator, optical scanner, and image-forming
device according to the invention has heretofore been
described based on the illustrated embodiments, the invention
1s not limited to these embodiments. For example, in the
actuator and the like according to the invention, the configu-
ration of each component can be replaced with an arbitrary
configuration having a similar function or an arbitrary con-
figuration can be added to each component.

In the above-mentioned embodiments, description has
been made on the structure taking the shape that 1s approxi-
mately symmetrical (left-right symmetrical) to a plane pass-
ing through the center of the actuator and orthogonal to the
rotation axis of the mass portions and drive portion; however,
the structure may take an asymmetrical shape.

Further, while the configuration 1n which the light reflector
1s provided on the upper surface (surface remote from the
supporting board) of the second mass portion has been
described 1n the above-mentioned embodiments, the light

reflector may be provided, for example, on the lower surface
thereol.

What 1s claimed 1s:
1. An actuator comprising:
a frame-shaped first mass portion;

a supporting portion for supporting the first mass portion,
the supporting portion taking a shape of a frame so as to
surround a perimeter of the first mass portion;

a pair of first elastic portions coupling between the first
mass portion and the supporting portion so that the first
mass portion 1s supported by the supporting portion;

a second mass portion provided inside the frame-shaped
first mass portion;

a pair of second elastic portions coupling between the
second mass portion and the first mass portion so that the
second mass portion 1s supported by the first mass por-
tion; and

a driver for rotating the first mass portion, the driver includ-
ng:
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a ferromagnet provided on the first mass portion 1n a
position separate from a rotation central axis of the
first mass portion;

a coi1l formed along the rotation central axis of the first
mass portion and the supporting portion so as to sur-
round and orbit a perimeter of the ferromagnet 11 the
first mass portion 1s seen from above; and

a voltage application unit for applying a voltage to the
coil, wherein:

an operation of the voltage application unit included 1n the
driver causes the coil to generate a magnetic field;

the generation of the magnetic field causes displacement of
the ferromagnet relative to the coil;

the displacement of the ferromagnet causes the first mass
portion to rotate while torsionally deforming the pair of
first elastic portions; and

the rotation of the first mass portion causes the second mass
portion to rotate while torsionally deforming the pair of
second elastic portions.

2. The actuator according to claim 1, wherein the ferro-

magnet 1s mainly made of a soit magnetic matenal.

3. The actuator according to claim 2, wherein the voltage
application unit 1s configured to intermittently apply a direct
current to the coil.

4. The actuator according to claim 2, wherein:

the coil 1s provided on a first surface of the first mass
portion; and

the ferromagnet 1s provided on a second surtace of the first
mass portion.

5. The actuator according to claim 1, wherein the first mass
portion, the pair of first elastic portions, the second mass
portion, the pair of second elastic portions, and the supporting
portion are formed integrally.

6. The actuator according to claim 5, wherein the coil 1s
formed of a umilaminar metal layer.

7. The actuator according to claim 1, wherein the ferro-
magnet 1s disposed near a central portion of the coil if the first
mass portion 1s seen from above.

8. The actuator according to claim 1, wherein the ferro-
magnet 1s provided so as to extend over the entire first mass
portion 1n a rotation central axis direction of the first mass
portion 1n the separate position.

9. The actuator according to claim 1, wherein the second
mass portion includes a light reflector having light reflectiv-
ity.

10. An optical scanner comprising:

a frame-shaped first mass portion;

a supporting portion for supporting the first mass portion,
the supporting portion taking a shape of a frame so as to
surround a perimeter of the first mass portion;

a pair of first elastic portions coupling between the first
mass portion and the supporting portion so that the first
mass portion 1s supported by the supporting portion;

a second mass portion provided inside the first mass por-
tion, the second mass portion including a light retlector
having light reflectivity;

a pair ol second elastic portions coupling between the
second mass portion and the first mass portion so that the
second mass portion 1s supported by the first mass por-
tion; and

a driver for rotating the first mass portion, the driver includ-
ng:

a ferromagnet provided on the first mass portion 1n a
position separate from a rotation central axis of the
first mass portion;

a co1l formed along the rotation central axis of the first
mass portion and the supporting portion so as to sur-
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round and orbit a perimeter of the ferromagnet 11 the
first mass portion 1s seen from above; and

a voltage application unit for applying a voltage to the
coil, wherein:

an operation of the voltage application unit included 1n the
driver causes the coil to generate a magnetic field;

the generation of the magnetic field causes displacement of
the ferromagnet relative to the coil;

the displacement of the ferromagnet causes the first mass
portion to rotate while torsionally deforming the pair of
first elastic portions; and

the rotation of the first mass portion causes the second mass
portion to rotate while torsionally deforming the pair of
second elastic portions so that light retlected off the light
reflector 1s scanned.

11. An optical scanner comprising;:

a frame-shaped first mass portion;

a supporting portion for supporting the first mass portion,
the supporting portion taking a shape of a frame so as to
surround a perimeter of the first mass portion;

a pair of first elastic portions coupling between the first
mass portion and the supporting portion so that the first
mass portion 1s supported by the supporting portion;

a second mass portion provided 1nside the first mass por-
tion, the second mass portion including a light reflector
having light reflectivity;

a pair ol second elastic portions coupling between the
second mass portion and the first mass portion so that the
second mass portion 1s supported by the first mass por-
tion;
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a driver for rotating the first mass portion, the driver includ-
ng:
a ferromagnet provided on the first mass portion 1n a

position separate from a rotation central axis of the
first mass portion;

a coi1l formed along the rotation central axis of the first
mass portion and the supporting portion so as to sur-
round and orbit a perimeter of the ferromagnet 11 the
first mass portion 1s seen from above; and

a voltage application unit for applying a voltage to the
coil; and
a light emitter for emitting light toward the light reflector,
wherein:

an operation of the voltage application unit included 1n the
driver causes the coil to generate a magnetic field;

the generation of the magnetic field causes displacement of
the ferromagnet relative to the coil;

the displacement of the ferromagnet causes the first mass
portion to rotate while torsionally deforming the pair of
first elastic portions; and

the rotation of the first mass portion causes the second mass
portion to rotate while torsionally deforming the pair of
second elastic portions so that light reflected oif the light
reflector 1s main-scanned and/or sub-scanned to form an
image on a target.
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